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Raw Data to Voltage (mV) Conversion Equations

Amplified ADC raw data counts are converted into floating-point values that represent the origina
transducer voltage output (mV) as shown below.

BD

V=
GG,

where
v=transducer output (mV),

B = hit weight of ADC (0.3125mV /hit),
D = raw datafrom ADC (counts),

G, = preampgain,
G, = postampgain.

Determination of Transducer Excitation

Many transducer EU (Engineering Unit) conversion equations depend upon the excitation
voltage (or, in some cases, current) supplied to the transducer. The excitation value for each
transducer can be determined in one of three ways. (The method to be used for each transducer is
listed in the Measurements table Cal Type field for that transducer.) A description of each method

follows:

Current Sense Resistor (ExcMvCurrSense)

This method is accurate only for transducers with a constant known impedance. First, the current
in the transducer excitation circuit is determined using a current sense resistor in the circuit:

where

I, = calculatedexcitation current (mA)
V. = measured voltage across current sensing resistor (mV)
R = precisioncurrentsensing resistor value (W)
The current can then be multiplied by the transducer impedance to obtain an excitation voltage:

where

calculatedexcitation voltage(mV)
= calculatedexcitation current (mA)
R= cdll resistance(W)

- <
non
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Operator-Specified (ExcMvSpecified)

For transducers with integral excitation regulation, no additional excitation determination is
necessary. Also, for some transducer types, the exact excitation can only be obtained by a voltage
measurement at the transducer. In these cases, the operator must specify the transducer
excitation:

V, = regulated (or measured offline) excitation voltage(mV)

Current Sense for Constant Current Excitation (ExcMaCurrSense)

Transducers requiring constant current excitation (e.g. RTDs, potentiometers) typically use the
current-sensing resistor method to determine the value of the excitation current. Input hardware
configuration for these transducers provides a more accurate current-sensing circuit in addition to
the one used for constant voltage excited transducers. Care must be exercised in the entry of the
associated instrumentation database parameters.

V,

|, =—s
Res

where

I, = calculatedexcitation current (mA)
= measured voltage across current sensing resistor (mV)

VCS
R = precisioncurrentsensing resistor value(W)

Measurements and Calculated Values

A “measurement” VID isthe default EU conversion assigned to each channel in a database. The
conversion equation for each measurement VID transforms the raw digital counts from asingle
input channel, plus the instrumentation parameters for that channel, into a single output value
with engineering units of measure. Note the one-to-one correspondence between channels and
measurement VIDs.

A “calculated value” VID is an EU conversion that is based not on one channel, but on up to
twenty other VIDs. The conversion equation for each calculated VID transforms the EU values
from specified measurement VIDs and/or other calculated VIDs, plus up to twenty constant
coefficients, into a single output value with engineering units of measure. Note that the number
of calculated VIDs in a database has no limit, but that a calculated VID dependent upon other
VIDs should be placed after those other VIDs in the conversion sequence.

A Zero Engineering Units Reference (ZEUR) scan is an EU scan taken at an appointed zero
reference test condition. ZEUR scans may be taken at any point during testing, with the most
recent (or “active”) ZEUR scan subtracted from all subsequent converted scans. Subtracting

ZEUR forces VIDs to have a zero value at the reference condition, so that subsequent scans
represent only the delta value actually caused by thetest load. The first ZEUR scan for each
database isinitialized to zero, and the ZEUR feature may be enabled/disabled for each VID at any
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time prior to each ZEUR scan. For aVID with ZEUR disabled, the calculated value from a new
ZEUR scan is discarded, and that VID’s value from the previous ZEUR scan is propagated to the

new ZEUR scan.

The Engineering Units Offset factor (EUO) is a constant value (in engineering units) that may be
added to a measurement. It is not included, however, when a ZEUR scan is converted. (For
example, a VID with an EUO of 350 and ZEUR enabled will read 350 immediately after a ZEUR

scan, instead of the usual zero reading.)

Each VID also has associated with it a six-character string representing its units, and an integer
representing the number of decimal places for tabular display.

Measurement Conversion Types

List of Measurement Conversion VID types

Equation VID type code
Linear MeasL inear
Polynomial MeasPoly

Table Lookup MeasMvToEuTable
RTD (Resistance Temperature Device) MeasRTD

Strain Gage (Quarter Bridge) MeasQtrBrg

Measurement conversion types, with associated parameters and conversion eguations, are shown

below.

Linear (MeasLinear)

EU=— . ZEUR+EU
SV, %0

where

EU = engineering unit result
= RDH scandata(mV)

o

= sensitivity ((mV /V of excitation) / EU)
V, = exact trarsducer excitation (mV)
EUO = engineering unit offset constant (EU)
ZEUR = zeroengineering unitsreference (EU)
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Polynomial (MeasPoly)

[N
©

e e
EU =a, + alg - ZEUR + EUO

0 9 €
-3é+a2§ 3+ +---+a9§ 3
Vo402 5SSV, 20735 V, X0

[CEER e}

where

EU = engineering unit result
e = RDH scandata(mV)
V, = exact transducer excitation (mV)
a, = polynomial coefficient (EU)
8, = polynomial coefficient (EU/(mV/V of excitation))

ag = polynomial coefficient (EU/(mV/V of excitation)®)
EUO = engineering unit offset constant (EU)
ZEUR = zeroengineering unitsreference(EU)

The actual computation is carried out in nested polynomial form to avoid the time-consuming
calculation of the exponential powers shown above. (Execution time is reduced because fewer
multiply operations are needed.) The nested form of the equation is:

EU:ao+§ — %+ — i, + et t — 0o]]]]]ull- ZEUR+EUO
Vo4O PR @V 10 R BV, 10 %G8 Vv, 403 6

mV-to-EU Table Lookup (MeasMvToEuTable)

The EU value for each lookup table VID is found by linear interpolation within the appropriate
EU lookup table for that VID. Lookup tablesreside in a database file separate from the
instrumentation database (because almost all lookup tables, such as those for thermocouples and
RTDs, apply universally, while instrumentation databases are test-specific). The path to the
lookup table database file can be set or modified within the test mode application.

The lookup table must consist of three fields: “dbIMv”, “dblEu”, and “dblSlope”. In each table
record, “dblEu” isthe EU value corresponding to “dbIMv” millivolt output from the transducer.
The value “dblSlope” is pre-calculated as shown below to speed interpolation during run-time.
The records must be sorted in order of ascending “dblMv”. To convert each scan, aseek is
performed in the lookup table for the first record such that

e £ dblMv where e; = transducer output (mV).
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If the record found is referred to as record n, then

EU =S, (g - mV,)+EU, - ZEUR +EUO

where
EU = engineering unit result
e = RDH scandata(mV)

mV,, = first value> e, inlookup table(mV)
EU, = corresponding EU valuein lookup table (EU)

S, = corresponding sope valuein lookup table(EU/mV)
EUO = engineering unit offset constant (EU)

ZEUR = zeroengineering unitsreference(EU)

The derivation for the slope and EU conversion is as follows. Assume the transducer output e;
satisfies mV,_; £ e £mV,,. Thenrecord nwill satisfy “Seek e £ dblMv " and be the table

record used to find the EU value corresponding to e;.

mV EU, S
mV.1 EU 1 S
phantom row  ( e EU S )
mV, EU, S
mV s EU\ast Sas

To linearly interpolate between rows n and (n-1), use the formula

EU,-EU _ mV,-¢g
EU,-EU,; mV,-mV,,

and solve for EU:

_&Eun'EUn—li:j _
EU _g—mvn e ;@(el mv, )+EU,,

Note that the first quantity in brackets isindependent of the scan data, and thus can be a one-time
calculation before the test:

S _&Eun' EUn—l.;(j
" mVn' mVn—l+@

If & >mV,,q,the”“Seek e £ dblMv " operation fails and EU is assigned a huge positive value
to dert the user. If e £ mV,, the conversion occurs normally, but the improperly defined §;
defaults to a huge positive value, driving EU to a huge negative value to alert the user.
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Resistance Temperature Detector (RTD) Table Lookup (MeasRTD)

The millivolt output from an RTD must be converted into a resistance value; the resistance value
is then used as the entry into alookup table.

R=2
IO
where

R = calculatedresistanceof RTD element (W) < not stored >
e, = RDH scandata(mV)
I, = constant excitationcurrent (mA) .

o

For RTDs, the lookup table must consist of three fields: “dblOhms”, “dblEu”, and “dblSlope”. In
each table record, “dblEu” is the EU value corresponding to “dblOhms’ resistance from the RTD
element. The value “dblSlope” is pre-calculated to speed interpolation during run-time. The
records must be sorted in order of ascending “dblOhms’. To convert each scan, aseek is
performed in the lookup table for the first record such that

R£ dblOhms where R = RTD element resistance (W).
If the record found is referred to as record n, then

EU =S,(R- R,)+EU, - ZEUR+ EUO

where

EU = engineering unit result
RTD element resistance(W)
R, = first value> Rinlookup table (W)
EU corresponding EU valuein lookup table(EU)
S, = corresponding slope valuein lookup table (EU/W)
EUO = engineering unit offset constant (EU)
ZEUR = zeroengineering unitsreference(EU)

Py
1

Aswith mV-to-EU table lookup, the slope is independent of the scan data, and thus can be a one-
time calculation before the test:

g - FUn-EU.0
Ri-R.i g

If R>R,4,the“Seek RE dblOhms” operation fails and EU is assigned a huge positive value
to dert theuser. If RE R;, the conversion occurs normally, but the improperly defined §
defaults to a huge positive value, driving EU to a huge negative value to alert the user.
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Quarter Bridge Strain Gage (MeasQtrBrg)

@000  e(2R; +Ry)

EU =€ = y
& Cn Ry (V. - 2RjAe; - @)

where

EU =engineering unit result (alwaysin microstrain, ne)
e, = RDH scandata(mV)
G4, = nominal gagefactor supplied by the vendor
V, =exact gageexcitation (mV)
Ry =nominal gageresistancesupplied by the vendor (W)
R;; =1-wireleadfrom gage to bridge completion block (W)
_ 1
2Ry (Ry +Ryy) + 2R, (2R; + Ryy)
R;, =1-wireleadfrom bridge completion block to excitation power supply (W)
(R, =0for RDH internal bridge completion)
EUO = engineering unit offset constant (EU)
ZEUR = zeroengineering unitsreference(EU)

The above equation is implemented in the form below for faster computation:

EU=—32  _ ZEUR+EUO
do - edy

where dy and d; can be pre-calculated from

V,R,Gy,
dO = °
d,
2GR, (R§A+ 0.5)
2

d, =2x40°(2R, +Ry;)

CHECK THE MASTER LIST - VERIFY THAT THISISTHE CORRECT VERSION BEFORE USE




Marshall Space Flight Center Standard Procedure

ED27
SLTMAS SOP-SGCE-GL-012402 Baseline
Conversion Equations January 24, 2002 Page 10 of 20

Calculated Conversion Types

List of Calculated Conversion VID types

Equation VID Type Code

Polynomial CalcPaly (not to be confused with MeasPoly)
Weighted Total CalcWeightedT ot

2-Norm Calc2Norm

Arc CalcArc

Absolute Value CalcAbsval

Digital Channel Bit CalcBit

Multiply/Divide CalcMultDivide

Parametric Exponential CalcParamExp

Square Root CalcSgrt

Extended von Mises CalcExtVM

Constant CalcConstant (hasits own table)
Temperature-Corrected Leg Strains | CalcSgTempCorr (has its own table)
Rosettes: (Have their own table)

Biaxial Rosette (0°, 90°) CalcBiax

Triaxial Rosette (0°, 45°, 90°) CalcTriax45 (legs numbered counterclockwise)
Triaxial Rosette (0°, 45°, 90°) CalcTriax45CW (legs numbered clockwise)
Triaxial Rosette (0°, 60°, 120°) CalcTriax60

Calculated conversion types, with associated equations, are shown below. The following
parameters are included (not all equations use all 20 coefficients or input VIDS):

EU = engineering unit result
VIDy = InputVIDO (EU)
VID; = InputVID1 (EU)
VID;g = InputVID19 (EU)

a, = Constant coefficient O
a, = Constant coefficient 1

a,9 = Constant coefficient 19
EUO = engineering unit offset constant (EU)
ZEUR = zeroengineering unitsreference (EU)

Note that constant VIDs ONE and ZERO (with values of 1 and O, respectively) are always
available as placeholders to “de-generalize” the calculation equations. For example, asimple
multiplication of two VIDs can be set up in a CalcMultDivide VID by assigning input VID, =
ONE.
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Polynomial (CalcPoly)

2 9
EU =ay +a,(VIDy) +a,(VIDy)“ +-- +ag(VIDy)” - ZEUR + EUO

Weighted Total (CalcWeightedTot)

EU =a,(VID,) +a, (VID;) +a, (VID,) + -+ + a5, (VID;g) - ZEUR+EUO

2-Norm (Calc2Norm)

EU =\/a0(\/ID0)2 +a,(VID,)? +a,(VID,)? +---+ayy (VIDy)? - ZEUR+EUO

Arc (CalcArc)

_ 180 VID,
P a

EU - ZEUR+EUO

Absolute Value (CalcAbsVal)

EU =ID,|- ZEUR+EUO

Digital Channel Bit (CalcBit)

EU =(2% &VID,) >> a, where & = bit-wise AND operator
>> = right-shift operator
ap = integer from O to 15 (bit of interest)
EU = value of bit of interest (0 or 1)
(Note that EUO and ZEUR are ignored for this type)

Multiply/Divide (CalcMultDivide)

ay (VID 1D
EU :M_ ZEUR+ EUO
VID,
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Parametric Exponential (CalcParamExp)

EU = (a,(VID,) +a, (VID;))>exp{a, (VID,)} - ZEUR+EUO

Square Root (CalcSqrt)
a,(VID,)
EU =a,(VID,), |-+~ . ZEUR+EUO
ao(VIDo) a,(VID,) +

Extended von Mises (CalcExtVM)

EU = \/xf + X2 +agX, X, +a, X2 - ZEUR+EUO

X1 =29(VIDg) +2 (VID;)
X, =a,(VIDy) +a3(VID,)
X3 =2,4(VIDy) +a5(VID,)

The following three calculated conversion types have dedicated tables in the instrumentation database

Constant (CalcConstant)
Thisis one of three types that have dedicated tables in the instrumentation database. The constant
VIDs“ZERO” and “ONE" are automatically included in every conversion sequence.

EU =a, (Note that EUO and ZEUR are ignored for this type)

where
a, = constant valueof VID (EU) < CalcConstent!dblConstantValue >

Temperature-Corrected Leg Strains (CalcSgTempCorr)

Thisis one of three types that have dedicated tables in the instrumentation database.

. &2 0
e| - A7+eapp
er ]
EU=——— - ZEUR+EUO
%D
1+—
100

where

CHECK THE MASTER LIST - VERIFY THAT THISISTHE CORRECT VERSION BEFORE USE



Marshall Space Flight Center Standard Procedure

ED27
SLTMAS SOP-SGCE-GL-012402 Baseline
Conversion Equations January 24, 2002 Page 13 of 20

€, = output of strain Measurement VID (ne) < VID ® CacSgTempCorr!szStrainVID >

€,pp = OUtput of Calculated VID (ne) < VID ® CalcSgTemp Corr!szAppStrainVID >

%D = output of Caculated VID <VID ® CalcSgTempCorrlszGFVarVID >
éf = desensitized gagefactor for strain gage VID < CacSgTemp Corr! dblDesensG F >

EUO = engineerin g unit offset constant (EU)
ZEUR = zero engineerin g units reference (EU)

Rosettes — Introduction

Thisis one of three types that have dedicated tables in the instrumentation database.

“Rosettes’ are combinations of two or three strain gage “legs’ oriented in a specific geometry.
The geometry for arosette determines its calculation type. Parameters for all four-rosette
calculation types are stored in the “ CalcRosettes’ table. There are multiple EU output values for
each rosette calculation type. The geometries and associated calculation types for SLTMAS-PC
are asfollows:

Rosette Geometry SLTMAS Type |# Output VIDs
Rectangular Biaxial (0°- 90°, aligned with principal axes) CalcBiax 11
Rectangular Triaxial (0°- 45°- 90° counterclockwise) CalcTriax45 15
Nonstandard Rectangular Triaxial (0°- 45°- 90° clockwise) | CalcTriax45CW 15
Delta Triaxial (0°- 60°- 120°) CalcTriax60 10

Each “leg” of arosette must appear in the conversion list as an individual measurement VID of

type MeasQtrBrg with units of “microstrain” (I€); if desired, each leg measurement VID can be
further input into a strain gage temperature-correction calculated VID (type CalcSgTempCorr).
Only these two types of VIDs will serve asvalid “leg” input VIDs for rosette calculation types.
Fields szLeglVID, szLeg2VID, and szLeg3VID specify the individua strain gage leg VIDs that
are input into the rosette calculations for a given rosette VID. The CalcTriax45 equations assume
leg 1 is oriented with respect to the reference axis by 0°, leg 2 by 45°, and leg 3 by 90°. The
CalcBiax equations assume that the reference axisis principal, and that leg 1 is oriented with
respect to the reference axis by 0°, leg 2 by 90°. The CalcTriax45CW equations assumeleg 1 is
oriented with respect to the reference axis by 0°, leg 2 by (- 45°), and leg 3 by 90°. The
CalcTriax60 equations assume leg 1 is oriented with respect to the reference axis by 0°, leg 2 by
60°, and leg 3 by 120°.

The following terms appear in the equations below for each of the four rosette calculated VID
types (note that EUO and ZEUR are ignored for rosette types):

e, = LegistranVID (ne)
Kt, = Legi transversesensitivity
n = Poisson'sratioVID
E =Young's modulusVID (force/area)
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Rosettes — Biaxial (CalcBiax)
Rosette Value Code Appended Example: VIDs Corresponding
toVID Generated for Rosette | Symbol in
VIDB AFT 131 Equations Below
Transverse -OM B _AFT_131-OM e
Sensitivity-Corrected

Leg Strains
-90M B_AFT_131-90M [

Leg Stresses -0S B_AFT_131-0S S1
-90S B_AFT_131-90S S,

Principal Strains -MAXM B_AFT_131-MAXM Enax
-MINM B_AFT_131-MINM €min
-SHRM B_AFT_131-SHRM Onax
-ANG B_AFT_131-ANG Op
Principal Stresses -MAXS B _AFT_131-MAXS S max

-MINS B_AFT_131-MINS S min
-SHRS B_AFT_131-SHRS t max

Transver se Sensitivity-Corrected Leg Strains

_ &1 vKy) - Kpep (- VKyp)
1- KuKe

_e(1- VKp) - Kipey (- VKyy)
1- KuKe

t1

12

L eg Stresses

_EX0°®
1- V2
_EXO0°

S2 12 (etz +Vetl)

(etl + VetZ)

1

Principal Strains

Emax = MaX(Ey,€;7)
emin = min(etlvetz)
- e

gmax = emax min

qp =0
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Principal Stresses

Smax

min —

max

_EXO0°®
S 12
_EX0°®
1- V2
_ EX0 gy
2(1+v)

(emax + Vemin )

(emin + Vemax )
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Rosettes — Rectangular Triaxial Standard (CalcTriax45) and Clockwise

(CalcTriax45CW)
Rosette Code Example: VIDs Corresponding Symbal in
Value Appended | Generated for Rosette | Equations Below
toVID T _FWD_43597
Transverse | -OM T _FWD_43597-0M e
Sensitivity
Correction
-45M T_FWD_43597-45M €
-90M T_FWD_43597-90M €3
Leg Stresses | -0S T _FWD_43597-0S S1
-45S T_FWD_43597-45S S,
-90S T_FWD_43597-90S S3
Principal -MAXM T_FWD_43597-MAXM | enx
Strains
-MINM T_FWD_43597-MINM | eyin
-SHRM T_FWD_43597-SHRM Ohnex
-ANG T_FWD_43597-ANG Op
Principal -MAXS T_FWD_43597-MAXS | sna
Stresses
-MINS T_FWD_43597-MINS S min
-SHRS T_FWD_43597-SHRS t max
VonMises | -VM T _FWD_43597-VM Sym (von Mises yield criterion)
and
Orthogonal
Shear
-ORT T_FWD_43597-ORT torth (Orthogonal shearing stress
referenced to gage legs)

Transver se Sensitivity-Corrected Leg Strains

_ e (- vKy) - Kpes(l- vKi3)

1

t2

t3

1- KuKys
_ (- VKyp) Kiole(1- VK )L Kyg)+e5(1- vKig)L- Ky

1- Ky,

(1' Kthts)(l' Ktz)
— es(L- VKy)- Kiger(L- vKy)

1- Kthts

CHECK THE MASTER LIST - VERIFY THAT THISISTHE CORRECT VERSION BEFORE USE
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L eg Stresses

_EX0°®

172 (e +veys)
_EXO0°

Sz = W[etz +n(etl "€ +et3)]

_EXO0°

3T (etS +Vetl)

CHECK THE MASTER LIST - VERIFY THAT THISISTHE CORRECT VERSION BEFORE USE
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Principal Strains

e . = A+B
2
emin :H
2
gmax :B
_1 a0
=2k,
A=e, teg
B=+vC?+D?

C =e - 63 for CalcTriax45 (legs numbered counterclockwise - - standard)
C=e;- e, forCalcTriax45CW (legsnumberedclockwise - - nonstandard)

D=2e,- A
Principal Stresses

_EXO0°®
Y
_EX0°®
min ~ 1- V2
_ EX0°g,n
mex 2(1+v)

S (emax + Vemin )

max

(emin + Vemax )

Von Mises and Orthogonal Shear

— 2 2
S ym _\/S max = S maxS min *S min

torth =t max sin(qu)

CHECK THE MASTER LIST - VERIFY THAT THISISTHE CORRECT VERSION BEFORE USE
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Rosettes — Delta Triaxial (CalcTriax60)

Rosette Code Example: VIDs Corresponding Symbal in
Value Appended Generated for Rosette Equations Below
toVID DT _LEFT 992
Transverse | -OM DT_LEFT_992-0M e
Sensitivity
Correction
-60M DT_LEFT_992-60M €
-120M DT_LEFT_992-120M €3
Leg Stresses
(Not
available)
Principal -MAXM DT_LEFT_992-MAXM Emax
Strains
-MINM DT_LEFT_992-MINM €min
-SHRM DT_LEFT_992-SHRM Ohnex
-ANG DT_LEFT_992-ANG Op
Principal -MAXS DT_LEFT_992-MAXS S max
Stresses
-MINS DT_LEFT_992-MINS S min
-SHRS DT_LEFT_992-SHRS t max

Transver se Sensitivity-Corrected Leg Strains

A=e(1- VKy)B- Kiz - Kig- KioKys)

B= 2Kt1[ez(1' VKtz)(l' Kts)"'es(l' VKts)(l' Ktz)]

C=e, (1' VKtz)(3' Kiz- K- KtsKtl)

D= 2Kt2[es(1' VKts)(l' Kt1)+el(1' VKtl)(l' KtS)]

E= es(l' VKts)(3' Ki - Kz - KthtZ)

F= 2Kt3[el(1' VKtl)(l' Ktz)"'ez(l' VKtz)(l' Ktl)]

G =3KuKaKiz - KuKiz - KoKz - KigKyp - Ky - Kip - Kz +3

CHECK THE MASTER LIST - VERIFY THAT THISISTHE CORRECT VERSION BEFORE USE
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L eg Stresses
Not available.

Principal Strains

emax = A+B
€min = A- B
gmax :ZB
_1. aabdo
qp =—tan (‘:—?
2 eCg
A=SutC2*es
3
B=+vVC?+D?
C :etl' A
€,- €
D= 12 13
V3
Principal Stresses
_EX0°®
S max = 1- V2 (emax +Vemin)
_EX0°®
min _ﬁ(emin +Vemax)
_EX10°gm,
mex 2(1+v)

CHECK THE MASTER LIST - VERIFY THAT THISISTHE CORRECT VERSION BEFORE USE




